Rapid methods to determine antimicrobial susceptibility would assist in the timely distribution of effective treatment or postexposure prophylaxis in the aftermath of the release of bacterial biothreat agents such as Bacillus anthracis, Yersinia pestis, or Burkholderia pseudomallei. Conventional susceptibility tests require 16 to 48 h of incubation, depending on the bacterial species. We evaluated a method that is based on laser light scattering technology that measures cell density in real time. We determined that it has the ability to rapidly differentiate between growth (resistant) and no growth (susceptible) of several bacterial threat agents in the presence of clinically relevant antimicrobials. Results were available in <4 h for B. anthracis and <6 h for Y. pestis and B. pseudomallei. One exception was B. pseudomallei in the presence of ceftazidime, which required >10 h of incubation. Use of laser scattering technology decreased the time required to determine antimicrobial susceptibility by 50% to 75% for B. anthracis, Y. pestis, and B. pseudomallei compared to conventional methods.
I
n the event of a deliberate release of or accidental exposure to potential bacterial agents of bioterrorism, determining phenotypic susceptibility to antimicrobials is essential for the selection of effective treatment or postexposure prophylaxis (1) . Several methods can be used to determine antimicrobial susceptibility, although the gold standard is the conventional broth microdilution (BMD) method. Based on guidelines from the Clinical and Laboratory Standards Institute (CLSI), this method requires an incubation period of 16 to 20 h for Bacillus anthracis and Burkholderia pseudomallei and 24 to 48 h for Yersinia pestis (2) . Other commonly used methods for antimicrobial susceptibility testing (AST) of bacteria are agar dilution, Etest, and disc diffusion. There are several peer-reviewed publications that describe the use of these methods for biothreat (BT) bacteria (3) (4) (5) (6) . However, these alternative methods require incubation times that are similar to those of the BMD test since visible growth is required for interpretation of results (3) (4) (5) (6) .
Rapid methods to determine antimicrobial susceptibility of BT bacteria are highly desirable to reduce the morbidity and mortality associated with the diseases caused by B. anthracis (anthrax), B. pseudomallei (melioidosis), and Y. pestis (plague). While genetic susceptibility tests have been described as more rapid than conventional methods, the genetic approaches have disadvantages since the presence of a resistant gene or a mutation does not necessarily result in phenotypic resistance (7) . For example, B. anthracis has two ␤-lactamase genes, bla1 and bla2, on the chromosome, but this species is rarely resistant to ␤-lactam antimicrobials such as penicillin. Phenotypic susceptibility of most strains is due to a mutation(s) in the regulatory genes that prevent induction of ␤-lactamase gene expression (8, 9) . Another issue associated with the use of genetic analysis to predict antimicrobial resistance is the inability to detect all possible mechanisms of resistance to the antimicrobials of interest. Due to the numerous sequence variations in each of the many classes of antimicrobial resistance genes, the possibly synergistic effects of previously undescribed mutations, the hyperexpression of efflux pumps, or the presence of one or more previously unknown resistance genes, a susceptibility report based on genetic analysis of an isolate may result in the use of an inappropriate antimicrobial agent and, subsequently, treatment failure. In the event of a deliberate release of a BT agent, these results could affect the treatment of large populations. Therefore, to ensure an effective public health response, a rapid method for phenotypic susceptibility testing is essential.
To avoid the issues associated with genetic predictions, several phenotypic methods for rapidly assessing antimicrobial resistance in BT bacteria have been developed. These include assays based on real-time PCR to detect growth in the presence of antimicrobials (10), reporter phage detection using bioluminescence or mass spectrometry (11) (12) (13) , or flow cytometry (14) . These assays take less time to determine susceptibility than conventional methods. However, they usually are more labor-intensive and may require expensive reagents or equipment. Therefore, the search for a rapid antimicrobial susceptibility method that is automated and costeffective continues.
An AST method based on the measurement of laser light scattering in bacterial suspensions was previously evaluated for mycobacteria (15) . Laser light scattering measures the angular variation in the intensity of light scattered as a laser beam passes through a liquid sample containing bacteria. This variation is proportional to the number and size of the bacteria. The investigators found that the technology was potentially useful, but the design of the instrument, its software, and its testing protocols were not user-friendly and needed major improvements (15) . Both technology and software have improved significantly since then. In this work, we investigated the feasibility of a rapid antimicrobial susceptibility test for several bacterial BT agents using laser light scattering technology with an updated instrument that quantitates bacteria in real time.
MATERIALS AND METHODS
Bacterial strains. The strains and phenotypic antimicrobial susceptibility characteristics of B. anthracis, Y. pestis, and B. pseudomallei tested in this work are listed in Table 1 . All strains were attenuated and are excluded from the Select Agents list, allowing this study to be conducted in a biosafety level 2 (BSL-2) laboratory. Nonsusceptible (NS) derivatives of the attenuated strains were generated in the laboratory with prior review and approval from the CDC Institutional Biosafety Committee. The medium for B. pseudomallei Bp82 was supplemented with 5 g/ml adenine (16) .
Antimicrobials. The following antimicrobial agents were selected for this study based on guidelines published by CLSI: penicillin (PEN), doxycycline (DOX), and ciprofloxacin (CIP) for B. anthracis; gentamicin (GEN), DOX, and CIP for Y. pestis; and amoxicillin-clavulanic acid (AMC), ceftazidime (CAZ), imipenem (IPM), DOX, and trimethoprimsulfamethoxazole (SXT) for B. pseudomallei (2) . Amoxicillin, CAZ, CIP, DOX, GEN, PEN, sulfamethoxazole, and trimethoprim were purchased from Sigma-Aldrich (St. Louis, MO); clavulanate and IPM were purchased from USP (Rockville, MD). Prior to use in the laser scatter instrument, the prepared antimicrobial solutions were verified by BMD testing of routine quality control (QC) strains recommended by CLSI (2) using cation-adjusted Mueller-Hinton broth with N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid (TES) (CAMHBT; Remel Inc., Lenexa, KS) in 96-well plates as described below in "Antimicrobial susceptibility testing." In the laser scatter instrument, each bacterial strain from Table 1 was tested with three concentrations of each antimicrobial relevant to that species. The lowest concentration of each antimicrobial was equivalent to the CLSI breakpoint for susceptibility (2), followed by two consecutive 2-fold-increasing concentrations. If an intermediate breakpoint and a resistant breakpoint are specified by CLSI for the species/antimicrobial agent combination to be tested, both are captured by the selected concentrations of antimicrobials. The concentrations of each antimicrobial agent tested are described for each species in the legends of the corresponding figures in Results. Each experiment also included bacterial cells in the medium without an antimicrobial agent (no-drug control), as well as the uninoculated medium without an antimicrobial agent or inoculum (nocell control).
Antimicrobial susceptibility testing. CLSI guidelines for BMD testing (2) were followed for appropriate medium, inoculum, and incubation temperature unless noted otherwise. The MICs of each antimicrobial agent for the strains listed in Table 1 were determined by conventional BMD using antimicrobial susceptibility testing panels prepared in-house with cation-adjusted Mueller-Hinton broth as recommended by CLSI or with custom-manufactured Sensititre antimicrobial susceptibility testing panels (TREK Diagnostic Systems, Cleveland, OH) and CAMHBT as recommended by the manufacturer. Antimicrobial susceptibility testing with the laser scatter instrument was performed as follows: for each species, cells from at least six isolated colonies of an overnight culture grown for 16 to 24 h at 35°C on tryptic soy agar II (TSAII) with 5% sheep blood (Becton, Dickinson and Company, Sparks, MD) were suspended in CAMHBT to a concentration equivalent to a 0.5 McFarland turbidity standard (measured with the MicroScan turbidity meter; Siemens). Each suspension was then diluted 1:100 for B. anthracis, 1:200 for Y. pestis, and 1:50 for B. pseudomallei in sterile CAMHBT containing each concentration of antimicrobial agent. These dilutions had been confirmed to result in cell concentrations that were within the CLSI-recommended range for the BMD inoculum: 2 ϫ 10 5 to 8 ϫ 10 5 CFU/ml. Based on colony counts for the susceptible strain of the corresponding species, the concentrations in the final inoculum were ϳ3 ϫ 10 5 CFU/ml for Y. pestis and ϳ5 ϫ 10 5 CFU/ml for B. pseudomallei. The final inoculum for B. anthracis was ϳ3 ϫ 10 4 CFU/ml. It was previously reported that B. anthracis yields plate counts that are lower than the CLSI-recommended cell counts for the BMD inoculum since a CFU for this bacterium corresponds to a chain consisting of multiple cells rather than to a single cell (3) . Each cell/antimicrobial mixture was transferred to a cuvette (BacterioScan Inc., St. Louis, MO) in final volumes of 1.5 to 2.5 ml/sample. The different volumes were required due to modifications of the cuvettes by the manufacturer during the study. All cuvettes in each run were from the same lot and contained the same volume. The cuvettes containing cultures were incubated in the BacterioScan 216R instrument (BacterioScan Inc., St. Louis, MO) at 35°C for up to 10 h. The instrument was programmed to measure the cell density in each cuvette every 5 min. Cuvettes with B. anthracis were agitated manually by gently swirling the liquid every hour to redistribute chains of cells that had settled to the bottom of the cuvette. Three independent tests were performed for each strain and antimicrobial combination.
Calibration of the laser scattering instrument was performed for each bacterial species using susceptible strains. Bacterial suspensions at a turbidity equivalent to a 0.5 McFarland standard were serially diluted 3-fold in sterile CAMHBT and vortexed to ensure homogeneous suspensions. Derivative of UT308 9, this study -
Derivative of UT308 9, this study -
Derivative of Bp82 This study 32/16 (R)
a Antimicrobial susceptibility was determined by conventional BMD testing. -, not applicable (these antimicrobials were not tested for the corresponding bacterial strain); S, susceptible; NS, nonsusceptible; R, resistant (2) .
From each diluted cell suspension, 1.5 to 2.5 ml was transferred to a cuvette and tested in duplicate using the instrument measurement setting of "fastest," which records the cell density values approximately five times during the 15-min time calibration procedure. Colony counts were determined with serial 10-fold dilutions of each cell suspension by spread plating on TSAII with 5% sheep blood. At least three separate plating experiments were performed for each bacterial species. Average cell density values determined by the laser scatter instrument were plotted against the average CFU/ml determined by colony counts for the corresponding dilution of the cell suspension to generate a formula to convert laser scatter cell density reads into CFU/ml counts, which we named "calibrated concentrations." Growth rate. Doubling times for strains that were grown without an antimicrobial agent were determined from the linear portion of the exponential phase of growth in the growth curves generated by the laser scatter instrument in the antimicrobial susceptibility testing experiments.
Statistical analysis. Statistical analysis by t test (paired, 2 tailed) for Y. pestis and B. pseudomallei and by Wilcoxon test for B. anthracis was used to compare the calibrated concentration in CFU/ml counts derived from the laser scatter instrument for a bacterial strain grown in the presence of an antimicrobial to the CFU/ml counts for the same strain grown without an antimicrobial within the same 30-min intervals. Results from each concentration of antimicrobial agent and each experiment were analyzed separately.
RESULTS
We performed rapid BMD AST using a laser light scattering instrument with susceptible and nonsusceptible strains of B. anthracis, Y. pestis, and B. pseudomallei with antimicrobial agents that have susceptibility breakpoints established by CLSI (2). Antimicrobial susceptibility results for each strain determined by the laser scatter method were compared with results from the conventional BMD test (Table 1) . Laser scatter readings were also acquired from cell-free media containing each antimicrobial agent at the highest concentration used in this work. These data revealed that the presence of an antimicrobial did not affect readings (data not shown). Therefore, we compared the growth of bacteria with and without antimicrobials without adjusting for antimicrobial-produced background. However, vortex mixing, which is required to prepare homogeneous cell suspensions, increased laser scatter readings approximately 5-fold (data not shown). The increase may be due to the air bubbles created by use of the vortex mixer. Based on this observation, every sample, including no-cell controls, was mixed by the vortex before being transferred to cuvettes.
The linear range of detection of B. anthracis, Y. pestis, and B. pseudomallei in the laser scatter instrument was determined to be 10 4 to 10 8 CFU/ml, based on colony counts on agar media (Fig. 1 ). Without calibration, the cell density values from the laser scatter instrument differed from spread plate colony counts (Fig. 1) . The CFU per milliliter determined by colony counts were lower for B. anthracis and higher for Y. pestis and B. pseudomallei than the cell density values from the laser scatter instrument (Fig. 1) . This difference may be explained by the fact that B. anthracis grows in chains, and each colony on an agar plate may originate either from a chain of cells or from an individual cell. We applied the formula generated from the data in Fig. 1 to convert the laser scatter cell density values into calibrated CFU per milliliter concentrations that correspond to the colony counts for each bacterial species tested. A species-specific calibration was warranted since it is not realistic to generate a calibration curve for every bacterial strain in a timely manner.
The results of antimicrobial susceptibility testing based on calibrated CFU per milliliter readings are shown in Fig. 2 for B. anthracis, Fig. 3 for Y. pestis, and Fig. 4 for B. pseudomallei. Each graph represents one of three independent experiments performed for each strain with each antimicrobial agent tested. One susceptible (S) strain and one nonsusceptible (NS) strain of each bacterial species were tested. The susceptible strains were B. anthracis Sterne, Y. pestis A1122, and B. pseudomallei Bp82. Nonsusceptible strains were B. anthracis JB034, Y. pestis DSJB001, and B. pseudomallei JB039. A maximum of 16 samples can be tested in the instrument at one time. Therefore, two strains of the same species and two antimicrobial agents (three concentrations of each antimicrobial agent) were analyzed in each run in addition to a no-cell control and a no-drug control. One cell-free medium control was used for both the AMC and the CAZ tests for B. pseudomallei in Fig. 4 . Similarly, a single no-drug (positive growth) control could be used for each strain that was tested with different antimicrobials in a single experiment. Therefore, the AMC and CAZ graphs for the susceptible strain of B. pseudomallei in Fig. 4 share the same no-drug control.
In growth curves generated from laser scatter measurements over time, there was an obvious inhibition of growth for the susceptible strain of B. anthracis in the presence of the antimicrobial agents CIP, DOX, and PEN compared to growth without antimicrobial agents (Fig. 2) . The CFU per milliliter counts were more than 100-fold greater in the absence than in the presence of antimicrobial agents after 4 h of incubation. For the nonsusceptible strain of B. anthracis, the growth curves generated from media with and without antimicrobials were essentially the same throughout the incubation time, and growth inhibition was not detected (Fig. 2) . To obtain these results, it was necessary to gently mix the contents of the cuvettes every hour as described in Materials and Methods. This mixing was different from the vigorous vortex mixing used to prepare initial cell suspensions and was performed in a manner that did not create bubbles, which would have affected the laser scatter reads. Without manual mixing of the B. anthracis samples, we observed decreased cell density measurements by the instrument for the susceptible strain of B. anthracis in the no-drug control after 6 h of incubation (data not shown). In the presence of PEN concentrations below the MIC, the nonsusceptible strain of B. anthracis appeared to have decreased cell den- curves for each antimicrobial agent tested are designated as follows: no-cell control (black bar), no-drug control (ϫ), the lowest concentration of antimicrobial (o, blue), the middle concentration of antimicrobial (ᮀ, green), and the highest concentration of antimicrobial (OE, red). Concentrations of antimicrobials were as follows: CIP at 0.25, 0.5, and 1 g/ml; DOX at 1, 2, and 4 g/ml; and PEN at 0.125, 0.25, and 0.5 g/ml.
sity after about 5 h of incubation without mixing (data not shown). The decreased cell density detected by laser scatter was determined to result from chains of cells settling to the bottom of the cuvettes, where they would not be detected by the horizontal laser light scan that enters through a clear window in the middle of the cuvette. This apparent decrease in cell density was eliminated by manually resuspending the cells in the cuvettes for this bacterial species. Cell sedimentation did not occur throughout 10 h of incubation for either Y. pestis or B. pseudomallei ( Fig. 3 and 4) , as these species do not form chains under normal growth conditions, and the B. pseudomallei strains used in this work are motile. Even with manual resuspension of the cells in the cuvettes, cell density reads for B. anthracis, especially for the susceptible strain incubated without a drug, were more variable than the reads for Y. pestis or B. pseudomallei. This variability was likely due to the uneven scattering of laser light by the variable chain lengths of B. anthracis cells.
Growth inhibition of the susceptible strain of Y. pestis was evident after 6 h of incubation in the presence of all antimicrobial agents tested (Fig. 3) . At this time point, the difference in CFU per milliliter counts of the susceptible strain with and without antimicrobials was approximately 10-fold. Similarly, growth inhibition of the susceptible strain of B. pseudomallei was detected after 6 h of incubation in the presence of AMC, DOX, IPM, and SXT, but not when this strain was incubated in the presence of CAZ (Fig. 4) . Inhibition of growth by CAZ was not evident even after 10 h of incubation. The difference in CFU/ml numbers for the susceptible strain of B. pseudomallei grown with and without antimicrobials for 6 h varied from about 10-fold for AMC and SXT to about 100-fold for DOX and IPM. No growth inhibition by any of the antimicrobial agents tested was detected for the nonsusceptible strains of Y. pestis and B. pseudomallei (Fig. 3 and  4, respectively) .
The average doubling times in the exponential phase of growth were about 30 min for B. anthracis, 60 min for B. pseudomallei and Y. pestis A1122, and 105 min for Y. pestis DSJB001. The potential effect of various growth rates on the performance of the laser scatter-based rapid susceptibility test is discussed below.
We performed statistical analyses to determine the earliest time during the incubation period that significant differences occurred between growth curves of susceptible strains with and without antimicrobials. The t test could not be applied to B. anthracis data because of the relatively wide variability in CFU per milliliter readings for the susceptible strain of B. anthracis grown without antimicrobials. Therefore, B. anthracis data were analyzed by the Wilcoxon test, which compares the ranks assigned to the values and is an alternative to the paired t test when the population is not normally distributed (17) . The Wilcoxon test showed a statistically significant difference in CFU per milliliter at the incubation time of 1.5 to 2 h for the susceptible strain of B. anthracis grown in the presence of each antimicrobial agent tested compared to the same strain grown without an antimicrobial (P Յ 0.05). By the t test, growth curves were determined to be significantly different (P Յ 0.05) for the susceptible strain of Y. pestis within 2 h 30 min of incubation in the presence of any of the antimicrobial agents tested compared to growth without an antimicrobial agent. Growth of the susceptible strain of B. pseudomallei in the presence of AMC, DOX, IPM, and SXT was significantly different (t test, P Յ 0.05) from growth without an antimicrobial agent after 3 h 40 min in all three experiments performed.
To determine if the laser scattering technology could distinguish between susceptible strains and strains with reduced susceptibility or low levels of resistance, additional strains of B. anthracis for which the MIC of CIP was close to the CLSI breakpoint for susceptibility (Յ0.25 g/ml) were tested. Strains JB031, JB032, and JB033, with the MICs of CIP at 0.12, 0.5, and 2 g/ml, respectively (Table 1) , were analyzed. Inhibition of growth was detected by laser scatter when the concentration of CIP was at or above the conventional MICs for each strain, and differences between cell density curves for growth and no growth could be established at 4 h of growth (Fig. 5) as with strains Sterne and JB034. Statistically significant differences between growth with and without CIP were determined to occur at the following times: for strain JB031, at 2 to 2.5 h in 0.25 g/ml CIP and at 1.5 to 2 h in 0.5 g/ml and 1 g/ml CIP; for strain JB032, at 2 to 2.5 h in the presence of 0.5 g/ml and 1 g/ml CIP (Wilcoxon test, P Յ 0.05). Thus, it required an additional 30 min of incubation to establish statistically significant differences between cell density results for B. anthracis strains with and without an antimicrobial when the concentration of CIP was near the MIC. There was no inhibition of growth of strain JB032 by 0.25 g/ml CIP or of strain JB033 by CIP at any of the concentrations tested since these concentrations were below the MICs for these strains.
DISCUSSION
Rapid characterization of antimicrobial resistance of a bacterial BT agent is necessary to ensure an effective public health response. The laser light scattering technology evaluated in this study provided a simple, rapid method for assessing phenotypic antimicrobial resistance with a high level of confidence. Discrimination between susceptible and nonsusceptible strains of B. anthracis, Y. pestis, and B. pseudomallei was determined rapidly with this technology compared to the time required to perform conventional AST methods for most of the antimicrobials tested. As with other AST methods, a pure culture is required. However, the cell density range of detection with the laser scatter instrument allowed data collection to begin immediately when the inoculum was at the CLSI-recommended concentration of 2 ϫ 10 5 to 8 ϫ 10 5 CFU/ml (18) . This is a 100-fold-greater sensitivity in detecting bacterial cells in suspension than that achieved by typical spectrophotometers and is comparable to the sensitivity of a flow cytometer (19) . The laser scatter-based susceptibility test may be useful as a rapid screening test to detect antimicrobial resistance hours to days be- fore conventional test results are available, providing data that is necessary to ensure that appropriate antimicrobial agents are distributed for treatment or postexposure prophylaxis.
Biosafety is a major concern when working with biothreat agents. This technology has the added benefit of requiring minimal manipulation of the bacterial isolate, which decreases biosafety risks. Once the bacterial suspensions are prepared and transferred to the cuvettes, no additional manipulation of the BT agent occurs, unlike other rapid methods that require subsequent steps, such as cell lysis and real-time PCR, and additional reagents. The exception was the necessity to mix to resuspend cells every hour in cuvettes with B. anthracis. Since this technology detects bacterial cells by measuring the scattering of a laser beam sent horizontally through the middle of the cuvette, the growth characteristics of each bacterial species tested must be considered when interpreting antimicrobial susceptibility results. The formation of chains of cells resulted in variable and/or decreased reads, and the user must differentiate this growth characteristic from cell sedimentation, as we observed with B. anthracis. In our experience with this instrument, manual mixing of the cell suspension prior to measuring the estimated cell density resolved the cell settling issue but did not completely eliminate the read variability for B. anthracis. The addition of an automated mixing platform inside this instrument may be beneficial both for decreasing variability in laser scattering reads by ensuring a homogeneous cell suspension and for biosafety since this would decrease the need for handling the samples. Cuvettes used in this study were equipped with built-in lids to minimize the risk of spills and instrument contamination.
As expected, the time required to determine susceptibility depended on the mechanism of action of the antimicrobial agent tested. We observed that the decrease in cell density measurements for the susceptible strain of B. pseudomallei in the presence of CAZ after 7 h of incubation was associated with a pronounced variability in the instrument readings (Fig. 4) . These observations were likely due to the slow kinetics of bactericidal activity by CAZ on B. pseudomallei (20) due to this drug's mechanism of action. The target of CAZ is penicillin-binding protein 3 (PBP3). The inhibition of PBP3 activity prevents the separation of B. pseudomallei daughter cells, resulting in the formation of filamentous cells (21) . The presence of filamentous cells of the CAZ-susceptible strain after 7 h of exposure to CAZ is likely responsible for the variation in CFU per milliliter data in a manner similar to that seen with B. anthracis after chains of cells formed and started to settle to the bottom of the cuvette.
The incubation time for conventional AST is specified by CLSI for each species of bacteria. Even though different strains within a species may have different growth rates, the recommended time of incubation for the species is usually sufficient to produce enough growth to visually determine susceptibility or resistance for most, if not all, strains. For a rapid phenotypic test that relies on a decreased incubation time in the presence of antimicrobials, determining the minimum incubation time that provides unambiguous, reproducible results is critically important. This decision is based on the growth characteristics of strains included in test development and evaluation. The growth rates of the strains used in this study were similar to previously reported doubling times for B. anthracis (22) and B. pseudomallei (16) growing in rich media at similar temperatures. The growth rate for Y. pestis strain DSJB001 was comparable to the previously reported rate for Y. pestis, although the doubling time for strain A1122 was more rapid (23) .
While most of the strains tested in this work had growth properties that are similar to those of at least some of the wild-type strains for their corresponding species, further studies using a diverse set of wild-type strains of each species will be required to ensure that the variability in growth characteristics among strains within a species is taken into consideration before establishing a minimum incubation time.
Resistance profiles of the strains used for developing a rapid phenotypic AST also have a major impact since it may be difficult to determine if a strain is susceptible or resistant to an antimicrobial when the MIC for this antimicrobial is near the breakpoint for susceptibility. Fortunately, the number of resistant strains of B. anthracis and Y. pestis that occur naturally is limited. Naturally occurring resistance to CIP has not been reported in B. anthracis. There has been a report of a DOX-resistant B. anthracis strain (24) and several reports on PEN-resistant B. anthracis strains (8, 24, 25) . All clinical isolates of Y. pestis reported so far in the literature were susceptible to CIP, DOX, and GEN (26), except one isolate that was recovered from a patient in Madagascar in 1995 that was resistant to tetracycline but still susceptible to CIP and GEN (27, 28) . Even B. pseudomallei, which has inherent resistance to many antimicrobials, has a low rate of resistance to AMC, CAZ, DOX, IPM, and SXT (6, 29, 30) . However, although we would not expect many naturally occurring resistant strains with an MIC of an antimicrobial agent that is near the breakpoint for susceptibility, they may occur, especially if the decrease in susceptibility is due to a stepwise accumulation of mutations or to increased efflux. Laboratory-generated resistant strains of biothreat agents are unfortunately a possibility and have been reported for research purposes (1). The level of engineered resistance may vary. The introduction of an antimicrobial resistance gene will likely generate a relatively high MIC of the relevant antimicrobial agent. However, resistance that evolves from a gradual accumulation of mutations due to selective pressure from growth in the presence of low drug concentrations occurs in incrementally increased levels, which are dependent upon the position of the mutation and the resulting amino acid substitution. The laser scatter technology employed in this study was capable of distinguishing between CIP-susceptible and nonsusceptible strains of B. anthracis for which the MICs of CIP were near the CLSI-established breakpoint for susceptibility. Although a slightly longer incubation time was required to reach statistically significant differences in cell density growth curves, the susceptibility results were still available more than 12 h before conventional AST results.
The time required to ensure statistically significant differences in growth of susceptible strains with and without antimicrobials (t test and Wilcoxon test) elapsed before this difference could be visualized on the growth curve graphs. Additional studies with numerous wild-type strains of each biothreat agent are necessary to establish the minimum incubation time for each species using this technology. To make a confident decision, the fold differences in test results for growth with and without the relevant antimicrobial agents may be queried as previously described for a rapid AST method based on real-time PCR (10) . Statistical likelihood modeling may also help to decide on the optimal incubation time for determining susceptibility.
In summary, antimicrobial susceptibility testing with the current format of the laser light scattering technology could be useful for phenotypic characterization of clinical and environmental bacterial isolates when few samples and antimicrobials need to be analyzed rapidly. The ease of using a laser scatter instrument and its software has greatly improved since the previous report from more than 20 years ago (15) . This technology could provide a rapid screen to detect resistance by as much as 1 to 2 days before results are available from conventional methods.
